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INVESTIGATION TO I MPROVE RECOVERY 
OF COPPER AND GOLD FROM A REFRACTORY ORE 
INTRODUCTION 
In 1949, the Compania Minera Santa Maria del Oro, s. A., 
a subsidiary of the International Mining Corporation, located 
in Santa Maria del Oro, Durango, Me~co, authorized the es-
tablishment of a Fellowship at the University of Missouri, 
School of Mines and Metallurgy, for the purpose of finding 
metallurgical procedures which would improve, economically, 
the · recove~y of copper and gold values from the company's 
ores. The work described in this paper was done under the 
provisions of this Fellowship. 
At pre sent, the Compania Miners. Santa Maria del Oro has 
extensive holdings in the Municipio of Santa Maria del Oro 
in the northern part of the state of Durango. The company 
has developed almost two million tons of gold-copper ore --
the average grade of these reserves is: 
gold 
copp er 
0.352 ounces per ton 
0.997 percent 
The ore conta ins a small amount of silver, about 0.146 ounces 
per ton. The ore, bearing chalcopyrite and pyrite in a sili-
ceous gangue(l), is mined from fault fissure veins which have 
been subjected to considerable faulting across the strike{2). 
(1) Preliminary determination of ore minerals. Discussed 
under Procedure of this paper. 
(2) Private co~cation from the Compania Minera Santa 
Maria del Oro. -
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Since oxidation extends irregularly to all depths, mining a 
clean sulfide or clean oxidized ore is imposs ible. 
Test work done prior to December 1, 1949, resulted in 
the adoption of flotation as a method of treatment which 
would produce a marketable product, but the tailing losses 
are high under this treatment. The losses average over two 
dollars and fifty cents in gold and over one dollar in copper 
per ton of tailing. 
At present the mill processes 468 tons of ore per day; 
the mill feed is a composite mixture of the sulfide and 
oxidized ores. The feed to the primary ball mill is minus 
three-eights of an inch; the ball mill is in closed circuit 
with a Dorr classifier and a unit cell. Reagents added to 




0.28 pound per ton 
as nee·ded 
sufficient to maintain 
a pH of 11.5 to 12.0 
The frother is a mixture of equal parts of cresylic acid and 
methyl-isobutyl-carbinol. The overflow from the primary 
classifier, 35-40% minus 200-mesh, is sent to the primary 
flotation unit, a six cell, No. 24 Denver Equipment Company 
machine. This machine produces a final concentrate and a 
tailing which passes over a short corduroy table, where a 
small amount of gold is recovered. The table tailing passes 
to a bowl classifier in open circuit. The bowl classifier 
overflow, about so% minus 200-mesh, goes to a secondary 
flotation unit, a four cell, No. 24 Denver Equipment Company 
machine, which produces a finished tailing and a low-grade 
concentrate. After thickening, the tailing from the secondary 
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rlotation unit goes to a tailing pond; the concentrate is 
sent to the he a d or the sand rlotation section. The bowl 
classirier sands go to a regrind mill which is in closed cir-
cuit with a Dorr classirier and a unit cell. Reagents added 




0.11 pound per ton 
small amount 
small amount 
The amount or lime to be added is determined by the appearance 
or the rroth in the unit cell. The classi~ier overrlow goes 
to a ten-cell~ No. 24 Denver Equipment Company machine~ to-
gether with the concentrate rrom the rour-cell~ secondary 
rlotation section. A rinished concentrate is taken rrom the 
rirst rour cells or this machine; concentrate rrom the last 
six cells is returned to the head or the machine. The tail-
ing rrom this machine goes to the tailing pond arter thicken-
ing. The mill ~low-sheet is shown in Figure I. 
1949. 
The rollowing are averages ror the rirst eight months or 
Tailing assay 
Recovery by dirrerence 
Recovery by assay 
0.085 ounces gold/ton; 0.290% copper 
77.26% gold; 79.27% copper 
81.21% gold; 79.78% copper 
-FIGURE I 
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Bullion Bowl Classif'ier 
Tailing 
Au 0.06:3-<>.088 oz/T. 
Cu 0.25-<>.35% 
Concentrate 






Concen tra. te 












Unit Flotation Cell 
Concentrate 
Au 5.84 .30 oz/T. 
Cu 12-20% 
Au o.os:s-o. 88 oz/T. 
Cu 0 .20 .35% 
Cc~posite eoneentrate o:vera.ges 3-6 oz. gold/ton and 12-1a;; copper. 
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REVIEW OF PREVIOUS WORK 
Extensive test work has been undertaken by the company 
laboratories, by technical consultants, and by education 
institutions. Since the complete accounts o£ the work done 
by these groups is not available, only the avenues o£ ap-
proach and the results achieved will be discussed. 
Flotation Tests. 
Flotation tests have been made using all known reagents, 
but these tests have made neither a satisfactory tailing nor 
a tailing much lower than that obtained in the mill under 
present conditions, even when the £lotation t~e was doubled. 
Flotation of pyrite £rom the tailing produced a large amount 
o£ low-grade concentrate, assaying 0.12 to 0.23 ounce o£ 
gold per ton, but the tailing from this operation was not 
satisfactory since it contained about o.oa ounce of gold per 
ton. Another disadvantage to this method of treatment was 
that the low-grade pyrite concentrate required additional 
treatment before shipping. 
Tests were conducted in which the copper and gold v alues 
were £loated £rom the tailing , while the pyrite was depressed. 
These tests yielded concentrates containing about one-half o£ 
the amount o£ gold which was recovered by the flotation o£ 
the pyrite, indicating that this amount o£ gold is not asso-
ciated with the pyrite. 
Gravity Tests. 
Tests on the £1otation tailing, using a Humphreys spiral 
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concentrator, produced a low-grade pyrite concentrate with 
an unsatisractory tailing. 
Tests were also made on flotation tailing samples using 
a Buchman tilting concentrator, but, again, the concentrate 
was low-grade and recovery was unsatisractory. 
Tests were made on rlotation tailings using a Sharples 
centriruge. The slime product assayed more than 0.044 ounce 
or gold per ton and was approximately rorty percent of the 
weight of the feed. The sand product required further treat-
ment. The assay of the slime product indicates that the gold 
in this fraction of the tailing is so fine that it cannot be 
recovered by gravity concentration. 
Cyanidation Tests. 
All cyanidation tests on the raw mi11 feed and the flota-
tion tailings have shown prohibitive cyanide consumption and 
incomplete recovery. By roasting the concentrate from the 
pyrite-flotation tests, a satisfactory recovery and moderate 
cyanide consumption have been achieved, but the low recovery 
or gold in the flotation operation makes such a process non-
economical. 
Tests on roasted flotation tailing samples have shown 
gold recoveries or over 90% with moderate cyanide consumption, 
but the tailing roast is not autogenous, and therefore not 
economical, because of the low sulphur content of the tail-
ings. This process of roasting the flotation tailing samples 
and cya~ding the calcine was the only method the company had 
developed, prior to November 1949, for producing a satis-
factory tailing of 0.006 to 0.01 ounce or gold per ton. 
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Roasting Tests. 
Results o~ tests, consisting of roasting the mill feed, 
leaching the calcine to recover copper as water soluble 
copper, and cyaniding the leached residue to recover the 
gold, have indicated that a maximum o~ 54.4% o~ the copper 
was converted to a water soluble ~orm. Ninety-two percent 
of the copper was converted to a ~orm soluble in a 9% sul-
furic acid solution, but the acid consumption in the latter 
tests was prohibitive. 
Combinations o~ ~loat-sink processes, ~lotation, sul-
~atizing roasts, and cyanidation proved unsatis~actory in 
preliminary tests, but the results o~ these tests caused 
the company to propose a theoretical ~low-sheet as shown in 
Figure II. Such a process, i~ economically ~easible, should 
produce a tailing with a satisfactory gold loss. 
.-
FIGURE II 
Flowaheet of the proposed process for milling the Santa Maria del Oro oree. 
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APPROACH USED k[ THIS WORK 
Since the results of all attempts to increase recovery 
of the copper and gold values by flotation# by gravity concen-
tration, and by roasting and cyaniding the flotation tailings 
have proven unsuccess£ul and since the company has shown a 
willingness, evidenced by the most recent company experiments, 
to convert to a process consisting of roasting the raw ~11 
feed# leaching the roast calcine to recover the copper, and 
cyaniding the leached residue to recover the gold, the approach 
used in this work has been along these lines. 
The approach used in this work was to investigate the 
possibility of treating the ore by a modified process of 
roasting; instead of using the conventional up-draft roast-
ing# we used 11down-draf't 11 roasting. The object was to in-
timately penetrate the ore with the sulphur dioxide and the 
sulphur trioxide gases and thus accomplish an increased 
conversion of the water insoluble sulf'ides, particularly 
those of' copper, into water soluble sulfates, which could 
then easily be recovered by water leaching or# if' necessary, 
by weak acid leaching. The results obtained were most en-
couraging. The ores were subjected to a sulfatizing roast 
to convert the copper to a water soluble form; the calcine 
from this roast was leached with water to recover the copper; 
and the leached residue was cyanided to recover the gold. 
As a first approach to the problem, a preliminary study 
of the mill tailing was made to dete~ne whether the gold 
losses were associated with a particular size fraction and 
to isolate and examine any gold particles found. This 
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procedure is described in Appendix III. Since this is not 
directly related to the program outlined above~ the work on 
the tailing was concluded without achieving conclusive re-
sults~ ~-~·~ the gold was found to be distributed uniformly 
in the tailing~ and no gold particles were isolated for in-
dividual examination. 
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DISCUSSION OF THEORETICAL AND PRACTICAL BACKGROUND 
Sulf'ation. 
In 1933, E. A. Ashcroft(3) published the results of 
work perf'ormed in roasting and leaching a copper ore: he 
concluded that the fundamental reactions involved in sul-
f'ating roasting are as Shown in the following reactions. 
a) Gus • 202 = CuS04 • 171,600 calories 
b) Cuso4 + GuS • o2 = 2Cu0 • 2S02 ~ 22,120 calories 
c) 4CuFeS2 • 4Cu0 • 1702 • 8CuS04 ~ 2Fe203 • 389,400 calories 
d) 4FeS ~ 2Cu0 ~ 902 • 4CuS04 ~ 2Fe203 ~ 436,000calories<4) 
The theories involved, brief'ly, are {1) that the reactions 
in roasting proceed definitely and directly to the !'orma-
tion of' sulfates; oxide !'ormation is the result of' second-
ary reactions, i.~., decomposition of' the primary products, 
{2) that iron oxides probably act as catalysts in the forma-
tion of the sulfates of' zinc, copper, and nickel, {3) that, 
at any temperature above 550°0, the formation of copper 
f'errite, CuO•Fe203, begins when copper oxide and iron oxide 
are brought into juxtaposition, {4) that 11 all water soluble" 
copper sulfate production is ~possible because of' reaction 
£), above, in an ordinary rabbled f'urnace, and (5) that iron 
is probably the only element which, because of' the hign beat 
of' !'ormation of' its higher oxide, yields its acid radical, 
without decomposition, to any nearby basic mater:lal, such 
as copper oxide. Each of' the above reactions is exothe~c, 
( 3) 
{4) 
Ashcroft, Edgar A., "Sulfate Roasting of Copper Ores," 
Transactions of the Electrochemical Society, Vol LXIII, 
pp. 23-44, 1933. 
Ibid., P• 30. 
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indicated by the excess quantities o~ heat; the release o~ 
these quantities o~ heat is indicative o~ an autogenous 
roast, i~ the ore contains a high percentage o~ the re-
actants. 
The theories proposed by Ashcro~t are re~ted by work 
done by E.A. Peretti< 5 >. His work substantiates the usually 
accepted theories o~ oxides being the primary product o~ 
roasting with sul~ates produced secondarily. The ~ollow­
ing reactions are generally considered the most important 
in the sul~atizing process. 
e) 2302 ~ 02 • 2303 + 46.000 calories( 6 ) 
~) FeO + 803 
-
Fe804 + 73.100 calories 
-
g) Fe203 ~ 3803 • Fe2(S04)3 + 173.000 calories 
h) GuO ~ S03 = Cu804 + 52.300 calories(?) 
The ~ormation o~ sul~ates will depend upon the temperature. 
which determines the dissociation pressure o£ the su1£ates. 
and upon the partial pressure of sulphur dioxide in the 
roaster gases. The sul~ates will form only when the partial 
pressure o~ the sul£ur trioxide in the furnace atmosphere is 
greater than the dissociation pressure o~ the sul~ate. The 
dissociation pressure o~ some of the sul~ates o~ zinc and 
copper are shown in Table I. In general. low roasting 
temperatures and high concentrations of sulphur trioxide 
~avor the ~ormation of sulfates. 
(5) Peretti• E. A.. A New Method o~ Studying the Mechanism 
o~ Roasting Reactions. A General Discussion on The Physical 
Chemistry of Process Metallurgy. Faraday Society. No. 4 
(1948) pp. 174-179. 
(6) Si02 and Fe203 as catalysts. 
(7) Bray. John L.. Non-Ferrous Production Metallurgy 
(New York. 1941). PP• 94-95. 
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TABLE I( 8 ) 
Equilibrium conditions ror sulfatization. 
CuS04 : CuO .. so3 ZnS04 : Zno .. so3 
Temp.~ Pressure~ Temp., Pressure~ 
oc mm. oc mm. 
546 43 675 5 
615 70 720 24 
665 1.30 750 61. 
714 324 775 112 
731 647 800 1.89 
To satisry the conditions imposed by these data~ M. F. 
Coolbaugh and J. Burns Read(9~10) devised a process ror the 
sUlfate roasting or zinc sulride. An eight hearth, wedge-
type roasting furnace was converted from the conventional 
"up-dra.rt" or gases to a "down-draft" system. In such a 
furnace, the sulphur dioxide produced by the oxidation of 
the ore on the upper hearths or the furnace was pul.led 
through the lower hearths where~ in contact with the fresh-
ly formed iron oxides, it was converted to sul.phur trioxide. 
The sulphur trioxide-sulphur dioxide concentration in the 
furnace was kept between 2!% and ~ by controlling the 
amount or air admitted at the top or the furnace. The sul.-
phur trioxide reacted with the zinc oxide to form water 
soluble zinc sulfate. Coolbaugh reported a regular conver-
sion or 70 to 85% or the zinc to water solubl.e sulfate, em-




Ibid., P• 95. 
Private co~cation: M. F. Coolbaugh to H. R. Hanley 
March 20, 1930. 
Coolbaugh~ M.F.~ and J. Burns Read, "The Sulfate Process" 
, "Mining and Metallurgy~ Vol. 4~ October~ 1.923 
p. 514. 
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hearths of the furnace to prevent the formation or the water-
insoluble zinc ferrite, ZnO•Fe203. The principles and the 
operations utilized by Read and Coolbaugh in the production 
of zinc sulfate should be applicable to the conversion of the 
Santa Maria del Oro ores into water soluble copper sulfate 
since the chemistry of copper is very similar to that of 
zinc; this premdse was the basis of the roasting operations 
conducted in this work. 
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AShcrort(ll) states that~ ror accurate and rapid work~ 
the operating temperature ror the sulration or copper ores 
should be between 550°C and 650°C~ yet in a study or the de-
composition or cupric sulfate~ Floe and Hayward(l2) reported 
appreciable decomposition above 535°C. On the basis or 
these works~ a temperature range of 450°C to 550°C was chosen 
ror the roasting done in this work. 
Cyanidation. 
Work done by Clevenger and Caron(13) indicates that the 
addition or three percent sodium chloride to a gold bearing 
ore berore charging it to the roasting furnace resulted in 
gold extractions or 96.7% in 0.196% sodium cyanide solutions. 
This practice~ . we. round to be benericial when applied to the 
Santa Maria del Oro ores~ even arter reducing the amount or 
sodium chloride added to one-halr of one percent (10 pounds 




Ashcrort~ ~· cit •• p. 232. 
Floe~ Carl F.~ and Carle R. Hayward~ Technical Publica-
tion No. 735 6 American Institute or Mi~ng and Metal-
lurgical Engineers "Difrerential Production or Soluble 
, It 3 Sulrates rrom MLxtures of Metallic Oxides~ 1936• P• 1 • 
Clevenger. Galen H.~ and Martinus H. Caron6 "The Treat-
ment or Manganese S1.1ver Ores," Bureau of Mines 
Bulletin 226 6 1935 6 p. 26. 
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SLmilar to the above treatment, the addition o~ sodium 
chloride to the cyaniding solution was suggested in articles 
by Johnston< 14 ) and by the Junerican Cyanamid Company Ore 
Dressing Notes(l5). The latter refers to increases o~ 45-55% 
/ 
in gold extraction, with a ten fold increase in the extrac-
tion of silver. In our tests. the addition o~ sodium chloride 
to the cyanide solutions did not increase gold extractions 
~rom the Santa Maria del Oro ores. 
(14) 
(15) 
Johnston, A. MeA., "Effect of Adding Common Salt to 
Cyanide Solutions, 11 Journal of the Chemical• Metal-
lurgical, and Mining Society of South Africa, Vol. 32, 
1932, PP• 154-5. 
American Cyanamid Company · Ore Dressing Notes, No. 10, 




Apparatus and Equipment. 
Roasting: To simulate the conditions prevailing -in a 
"dovm-draft" .fUrnace a gas-fired, muffle-type laboratory 
furnace was converted to a controlled-atmosphere furnace 
for the roasting experiments. (See Figure IIIA). In the 
early stages of the roast, similar to the period during 
which the ore would be on the upper hearths in the commer-
cial furnace, sulphur dioxide was evolved by the ore; but 
during the latter stages of the roast, comparable to the 
time that the ore would be on the lower hearths in the com-
mercial furnace, sulphur dioxide was not evolved by the ore. 
During this period, to simulate industrial operating condi-
tions, sulphur dioxide was added :from an outside source; 
this addition of sulphur dioxide would not be necessary in 
the wedge-type furnace for the ignited ore on the upper 
hearths would furnish the sulphur dioxide and heat necessary 
for the final stages of the roast. 
To minimize the introduction of cold air while the bed 
was being rabbled, the door was made large enough to accom-
modate only the rabble rake or the charging shovel. 
One-quarter inch steel pipes were used to introduce air 
and sulphur dioxide into the rear of the furnace and to re-
move furnace atmosphere from the front of the furnace for 
the sulphur dioxide determination. This determination pro-
cedure is described in Appendix I. 
The furnace atmosphere was controlled by varying the 
amount of air and · sulphur dioxide admitted. The amounts of 
-18-
air and sulphur dioxide introduced were gauged by pressure 
manometers -- a water manometer for the sulphur dioxide and 
a mercury manometer for the air; a schematic diagrrun of the 
system is presented in Figure IIIB. 
FIGURE IIIA 
P1an and elevation views of 
the sulfatizing fUrnace 


































.. Routizlc equipaent .. t-up 





Since the furnace was heated by a hand-controlled gas 
jet 6 temperature control was not extremely accurate. All 
temperature measurements were made with Hoskins mdllivolt-
meter pyrometers using chromel-alumel thermocouples; two 
thermocouples were placed in the furnace as ahown in Figure 
III:A.: one in the :floor o:f the :furnace :for measuring the 
temperature o:f the mu:f:fle wall and one in the space within 
the :furnace :for measuring the temperature o:f the gas or the 
temperature o:f the ore 6 as desired. 
Rabbling o:f the ore was accomplished with a :four inch 
by two inch steel rake. 
Leaching: Leaching equipment and apparatus was of two 
general types: that used :for small "control samples" 
(samples taken periodically during the roast to test :for 
completeness of' roasting) and that used :for the larger 
bulks of :final calcine. The control samples were leached 
in 400 milliliter pyrex beakers. using a water bath :for 
constant temperature when the leaching was done at elevated 
temperatures. The :final calcines were leached in a five-
gallon crock with a large wooden paddle to permit vigorous 
agitation and to prevent cont~nation o:f the pulp by the 
leaching vat. 
Cyaniding: To achieve thorough aeration and constant 
agitation o:f the pulp 6 all cyaniding tests were conducted 
in a rotary agitator (Figure IV); containers were rubber-
stoppered glass jars. 
Filtering: Filtration of large volumes of pulp was 
accomplished in Buchner vaeuum filtering apparatus. 
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Materials and Reagents. 
The Compania Minera Santa Maria del Oro, s. A., ~­
nished samples of ores, mill feed and ~11 tailings as fol-
lows: 
1. A composite sample of ores taken from the Re-
compensa, Colorados, and Los Angeles mines during the period 
from December 22, 1949, through January 5, 1950. The weight 
of this sample was about two hundred and fifty pounds; the 
number of tons of ores crushed during the period of sampling 
was one thousand six hundred and two. 
2. A sample of ore taken from the Cocinera mine 
during the period as above. The weight of this sample was 
about two hundred and fifty pounds; the number of tons of 
ore crushed during the period of sampling was three thousand 
four hundred and eighty-eight. 
3. A sample of composite mill feed taken during 
the same period as the previous samples. The weight of this 
sample was about two hundred and fifty pounds; the number of 
tons treated in the mill during the period of sampling was 
four thousand nine hundred and five. 
4. A sample of composite mill tailings taken during 
the same period as the previous samples. The weight of this 
sample was about fifty pounds. 
All chemicals used for chemical analyses were of reagent 
grade. 
Procedure. 
Preli~nary Determination of ~ Mi~erals: The Recompensa, 
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Colorados, and Los Angeles sample and the Cocinera sample 
were each thoroughly mixed, and samples of about two kilograms 
were separated by coning and quartering and splitting in a 
Jones sampler. From these samples, specimen pieces of ore 
were chosen; these specimens were mounted in lucite, were 
poliShed, and were examined under a metallographic microscope. 
These examinations, made according to Short's Microscopic 
Determination of the Ore Minerals(l6), indicated that the 
minerals of interest were chalcopyrite and pyrite in a sili-
ceous gangue. The identification was not complete in every 
detail, but was useful only as a beginning point for the 
roasting and leaching operations. 
Sampling and Crushing: All work concerned with roast-
ing was performed on the 11Mill Feed" sample provided by the 
company. The material, as received, was thoroughly mixed; 
a series of samples was cut out by coning and quartering and 
splitting in a Jones sampler -- the weight of each final 
sample was about two kilograms. 
Roasting tests performed by the company indicated that 
the degree of sulfation in roasting is independent of the 
size of feed within limits of 10-mesh and 100-mesh. To 
verify these results two samples were roasted at coarse 
sizes, minus 20-mesh and minus 35-mesh. All other roasts 
were made using feed which had been reduced to 95% minus 
65-mesh. All samples were reduced to minus 20-mesh in a 
set of rolls. The minus 35-mesh sample was reduced to its 
(16) Short, M. N., Microscopic Determination of' the Ore ~nerals, Geological Survey Bulletin 914, 1940. 
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£inal size in the rolls; the ~nus 65-mesh samples were re-
duced by stage grinding in a disc pulverizer. These samples 
were stored until they were needed £or roasting tests. 
Roastins: As stated be£ore, the primary objective of 
the roasts was to produce a max~ amount of water soluble 
copper. 
All roasting operations were conducted in the furnace 
described above. After the charge had been placed in the 
cold £urnace, the temperature of the furnace wa s increased 
until the ore bed reached 450°C; the operating temperature 
range for the ore bed was from 450°C to 550°C. The ore was 
rabbled at 5 to 7 minute intervals to achieve maximum con-
tact between the ore particles and the furnace atmosphere. 
Since the concentration of sulphur dioxide in the furnace 
should be high, ~nimum of 2t%, the effluent was analyzed 
for sulphur dioxide at intervals of 10 minutes at the begin-
ning of the roasts, at intervals of 15 to 20 minutes as the 
roasts progressed, and at intervals of 30 minutes as the 
operations neared completion; the air input and sulphur 
dioxide input were adjusted according to these determinations. 
The roasting operation was considered complete when the 
water soluble copper content reached a constant max~um. To 
determine when this condition existed, samples of the charge 
were removed from the furnace after specific intervals of 
time and were analyzed for water soluble copper content. 
Sulphur determinations were made on the same samples to de-
te~ne the completeness of el~nation of sulfide s~phur; 
the object of this determination was to dete~ne the point 
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at which all or the copper sulride had been converted to 
copper sulrate or copper oxide. Methods or analysis ror 
copper and sulphur determinations are Shown in Appendix II. 
Arter the roast was adjudged complete, the calcine was 
removed from the rurnace, cooled, rolled, and stored ror the 
leaching operations. 
Leaching: The object or the leaching was to extract 
the soluble copper rrom the calcine. Leaching operations 
may be divided into 1) contro1 leaching operations and 2) 
leaching operations performed on the final ca1cines. 
The control leaching operations were conducted on small 
one or two gram samp1es to determine the length of leaching 
time necessary, the temperature of the leaching solution, 
the errect of weak-acid leaching solutions, the amount of 
copper rerrite rormed during the roast, and the amount. of 
water soluble constituents formed during the roast. These 
operations were conducted in 400 milliliter beakers with 
50 milliliters of leaching liquid for periods of 10 to 15 
minutes, except for leaches to determine the length of leach 
necessary. Timed leaching operations indicated a maximum 
copper recovery ror leaches of one hour. 
Final leaching operations were performed with the large 
amount of calcine remaining arter the control tests. These 
operations were conducted in the five-gallon crock, described 
above, with a given 1iquid to solid ratio ror a period of one 
hour. The pulp was agitated continuously and vigorously with 
a wooden paddle. 
The pulp was filtered through a Buchner filter; the 
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filter cake was washed thoroughly~ repulped~ and re~iltered 
to remove all water soluble constituents. The undiluted 
filtrate was assayed for copper. Determinations ot iron 
content were made, occasionally, for informational purposes. 
The clean filter cake was dried and stored ~or the 
cyaniding tests. 
Cyaniding: The filter cake from the leaching opera-
tion was cyanided to extract the gold and silver content; 
samples were reduced to 100% minus 100-mesh prior to 
cyanidation tests. 
To determine the best operating conditions ~or cyanid-
ation of the filter cake~ tests were run~ to determine the 
lime consuming character of the cake, the opt~um lime con-
sumption, and the optimum cyanide consumption, by varying 
one reagent strength while others were held constant. 
Using these conditions, the periods of cyanidation were 
varied up to 48 hours. 
The pulp was maintained at the ratio, by weight, of 
liquid to solid of three to one. Determinations of cyanide 
and lime consumption were made on undiluted, filtered, 
supernatant solution from the cyanidation tests. Methods 
of analysis are shown in .Appendix II. 
Gold extractions were based on the dif~erence between 




The data will be presented by giving the results of all 
tests on one sample, then giving the results or tests on 
succeeding samples. 
A sample or "Mill F d" ee was assayed with the rollowing 
results: 
Acid Soluble Copper 
Acid Soluble Iron 
Acid Soluble Manganese 
Acid Soluble Lime 
Acid Soluble Sulphur 













Sample I: This sample was roasted in an oxidizing at-
mosphere to determine the roasting characteristics of the 
ore. 
This rirst sample consisted of 1814 grams of "Mill 
Feed" with no outside material added; it was one of the 
eight samples which were reduced to 95% minus 65-mesh; the 
size distribution of the sample is shown in Table II. The 
roasting operation data are tabulated in Table III. 
As is indicated in Table III, the evolution or sulphur 
dioxide continued for a period of slightly over two hours; 
after that time there was no indication of sulphur dioxide 
in the effluent. This data shows that the outside source 
of sulphur dioxide will · not be needed, in the laboratory 
tests, until after the second hour. 
The temperature of the ore bed averaged about the same 
as the temperature of the muffle wall; this temperature, 
shown in Table III, was about 510°0. 
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TABLE II 
Size Distribution of Samples I & II & III 
Mesh % Cumul. % 
on 65 6.3 6.3 
100 16.1 22.4 
150 14.6 37.0 
200 11.5 48.5 
- 200 51.5 100.0 
TABLE III 
Operating data for roast of Sample I. Weight of Charge: 1814 Grams 
Samp1e Time Temperature S02 in Air Input 
Hr Min oc Ei'fluent inches of' 
Gas Muffle % mercury 
0 0 00 Ore charged to :rurnace 
0 15 295 205 less than 1.1 4.5 
1 0 30 495 450 3.4 8.o 
0 45 515 500 2.1 8.o 
2 1 00 500 515 less than 1.1 8.5 
1 15 465 520 None 8.o 
3 1 30 465 535 None 8.o 
1 45 480 550 None 8.5 
4 2 00 455 510 None 8.5 
2 15 495 530 None 8.o 
5 2 30 515 550 None 8.5 
2 45 495 540 None 8.5 
6 3 00 490 525 None 8.o 
3 15 490 515 None 8.o 
7 3 30 480 510 None 8.0 
3 45 500 520 None 8.5 
8 4 00 510 530 None 8.o 
4 15 520 530 None 9.5 
9 4 30 530 540 None 8.5 
4 45 530 530 None 8.5 . 
10 5 00 515 510 None 8.5 
5 15 490 490 None 8.5 
11 5 30 530 510 None 8.o 
1 2 5 45 Ca l cine removed !'rom f u r n ace 
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The copper sul~ate content or the calcine was dete~ned 
by leaching a two gram sample in ~ifty ~lliliters or water 
and assaying the filtered pulp for copper. Copper oxide and 
copper sulfate are both soluble in an aqueous rummonium 
chloride-ammonium hydroxide solution called Lowe's solution; 
the di~~erence between the copper assays o~ the water leach 
and the Lowe's solution leach is that copper which is pre-
sent in the calcine as copper oxide. The difference between 
the Lowe's solution copper and total copper is that copper 
which is present as copper ~errite and as copper sulfide, 
since both of these compounds are insoluble in Lowe's solu-
tion. If there is no copper sulfide present in the calcine 
(indicated by an absence of sulfide sulphur<17 > then the 
Lowe's solution copper-total copper di~ference is attri-
buted to the presence o~ copper as copper ferrite only. 
Results o~ the copper assays o~ the control samples for 
the roast of Sample I are tabulated in Table IV and plotted 
in Figure v. For clarity of presentation, the water soluble 
copper (copper sulfate), the Lowe's solution copper (copper 
sulfate plus copper oxide) and the total copper are plotted 
against the roasting time. As can be seen from these curves, 
the maximum water soluble copper formed was 0.392%; the 
copp~r which is present as the oxide, represented by the 
dif~erence between the water soluble copper curve and the 
Lowe's solution copper curve, is 0.51% of the ~inal calcine. 
The copper which is present as copper ferrite, represented 
rl7) The sulfide sulphur content is dete~ned by assaying • 
for the sulfate sulphur and the total sulphur contents, 
the difference is attributed to sulfide sulphur. 
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by the difference between· the total copper curve and the 
Lowe's solution copper curve, is 0.22% of the final calcine. 
Total sulphur, sulfide sulphur, and sulfate sulphur are 
plotted against roasting time in Figure VI; as represented 
by these curves, sulfate sulphur reaches a constant maximum 
at the end of one and one-half hours of roasting. Since, 
however, the copper sulfate content, represented in Figure v, 
continues to increase, the assumption may be made that the 
sulfates of other metals, presumably iron, are yielding 
their acid radicals to copper oxide for the formation of 
copper sulfate. This assumption is in agreement with AShcroft's 
postulate, as stated on page nine of this report, "that iron 
is probably the only element which, because of the high heat 
of formation of its higher oxide, yields its acid radical, 
without decomposition, to any nearby basic material, such as 
copper oxide." 
No cyanidation tests were made on Sample I. 
Conclusions from Tests 2£ Sample I. The data obtained 
from results of work performed on Sample I indicate (1) that 
the maximum water soluble copper that could be achieved under 
conditions of an oxidizing roast, using a conventional "up-
draft" furnace, is 0.31% and (2) that, on the basis of the 
sulphur dioxide evolved for slightly over two hours, the 
sulfation of the company's ores should be self-sustaining 
with respect to sulphur dioxide supply. 
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TABLE IV 
Results o:f the control sample analyses o:f Srumple I 
Sample Water Sol. Lowe's Sol. Total Sul:fate Sulfide Total 
No. Cop:12er corer Co%:12er Sul~hur Sul%hur Sujhur % 
0 o.o55 0.146 1.04 o.71 10.09 1o.s 
l 0.082 0.128 1.04 l.ll 1.65 2.76 
2 0.046 0.447 1.04 2.20 0.50 2.70 
3 o.178 0.657 1.04 2.62 o.o1 2.63 
4 0.232 1.04 
5 0.182 0.72 1.04 2.62 o.oo 2.62 
6 0.174 1.04 
7 0.188 0.749 1.04 2.62 o.oo 2.62 
8 0.302 1.04 
9 0.292 0.765 1.04 2.62 o.oo 2.62 
10 0.392 1.04 
11 0.282 0.825 1.04 2.50 o.oo 2.50 
12 0.310 0.82 1.04 2.53 o.oo 2.53 
FIGURE V. Curves showin~ the assays of tot».l oopper and 
soluble copper with respect to roasti~ titn.eJ 
soluble oopper, was . obtained with water and with 
Lowe's solution leaching, S&.mple I. Oxidizing rout. 
o~---0 Lowe • s Copper 
0 o- Water soluble CopJ?Sr 
6 ~ Total Copper 
Lowe '• copper, water aoluble 
copper, a.nd total oopper 'VB. 
roasting tirra for Sample I • 
0 
• 
,-4 • 0 
• • 0 0 
coppor (per oent) 



















FI GURE VI.. Curves showing t he a.saa.ys ot 1ulphur 
with respect to roasting time. Oxidizing roast. 
0~------~ Sulfide sulphur 
d d Sulfate sulphur 







Sulfide sulphur • sulfate s ulphur, 
and total sulphur V8. roasti ng 
time tor Sample I. 







Samp1e !!= Sample II, consisting of 1871 grams ot "Ki11 
Feed," was roasted in an atmosphere of about 21% sulphur di-
oxide; the size distribution of the feed, the same as the 
feed for Samp1e I, is Shown in Table II. The operationa1 
data for the roast of Sample II are tabulated in Table v. 
The water manometer for control of sulphur dioxide input had 
not been installed prior to this test, so the va1ues for such 
readings are now shown in this table; the sulphur dioxide in-
put was gauged by bubbling the gas through water in a bottle. 
Results of the contro1 samp1e analyses for the roast of 
Samp1e II, tabulated in Table VI and p1otted in Figures VII 
and VIII, indicate that the water soluble copper content 
reached a constant figure after six hours of roasting; this 
period of roasting was found to be necessary for maximum 
production of water soluble copper under the conditions pre-
vailing for this roast. However, the sulfate sulphur con-
tent (Figure VIII} of the calcine continued to increase 
unti1 the end of the roast, indicating that the ferric oxide 
was sti11 active as a catalyst in the formation of sulphur 
trioxide, even though the sulfates formed were not of copper. 
An examination of the tota1 copper curve and the Lowe's 
copper curve indicates that the formation of copper ferrite 
was kept to a very 1ow maximum of o.o9% in the final calcine; 
this is indicated because the total of the copper sulfide and 
copper ferrite contents, represented by the difference between 
the tota1 copper curve and the Lowe's so1ution copper curve, 
does not exceed o.o9%. 
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TABLE V 
Operating data ror roast or Sample II. Weight or Charge: 1871 Grams 
Sample Time Temperature so iii Air Input 
No. Hr Min oc E.frluent inches o.f 
Mu:rrle Gas ~ Hg 
0 0 00 Ore charged to rurnace 
0 30 485 520 11.5 6.5 
0 40 500 535 5.5 6.25 
0 50 510 515 1.9 5.25 
1 1 00 500 495 1.4 5.0 
1 10 490 450 1.9 8.25 
1 20 480 450 4.0 6.0 
1 30 445 410 2.3 8.o 
1 40 415 410 3.1 6.0 
1 50 450 450 3.1 6.0 
2 2 00 455 445 2.6 s.o 
2 10 450 435 2.9 6.5 
2 20 440 410 2.7 6.75 
2 35 460 445 2.4 7.0 
2 50 490 470 2.3 6.5 
3 3 00 
3 05 460 430 2.3 6.5 
3 20 480 450 2.25 5.4 
3 35 500 480 2.3 6.3 
3 50 500 480 2.5 6.5 
4 4 00 
4 05 480 455 2.8 6.7 
4 20 495 480 2.6 6.3 
4 35 500 480 2.5 6.5 
4 50 490 460 2.5 6.5 
5 5 00 6.5 5 05 480 445 2.45 
5 20 500 480 2.5 6.5 
5 35 500 485 2.5 6.5 
5 50 475 475 2.3 6.75 
6 6 00 2.4 6.5 6 05 495 475 
6 20 520 510 2.3 6.5 
6 35 520 500 2.3 
6.5 
6 50 510 500 2.35 
5.75 
7 7 00 2.6 5.0 7 05 505 500 
7 20 520 520 2.2 
5.5 
2.5 5.0 7 35 530 535 
535 540 2.35 5.0 7 50 
8 8 00 2.55 5.0 8 05 525 500 5.0 
8 20 510 510 2.55 
9 8 30 Calcine removed :rrom .rurnace 
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TABLE VI 
Results of control sample analyses of Sample II. 
Sample Water Sol. Lowe*s Sol. Total SUif'ate Suif'lde Total 
No. corer Co~er Co~:12er Sul~hur SUl~hur Sul~hur 
0 0.027 0.118 1.04 0.61 9.99 10.6 
1 0.041 0.255 1.04 1.80 1.65 3.45 
2 0.51 0.82 1.04 3.17 o.58 3.75 
3 0.66 0.82 1.04 3.36 0.47 3.83 
4 0.72 0.89 1.04 3.71 0.40 4.11 
5 0.78 0.90 1.04 3.98 0.25 4.23 
6 0.80 0.86 1.04 4.01 0.37 4.38 
7 0.80 0.92 1.04 4.14 0.29 4.43 
8 0.80 o.88 1.04 4.18 0.31 4.49 
9 0.82 0.95 1.04 4.48 0.20 4.68 
TABLE VII 
Results of timed leaches of ca.1cine 
from roast of Semple II. 
Leaching Type of Soluble 
T1.me Leach CoJ2~er 
minutes 
18 Water 0.736. 
18 1% acid 0.730 
18 2% acid 0.738 
18 3% acid 0.747 
38 Water 0.73 
38 1% acid 0.75 
38 2%. acid 0.727 
38 3% acid 0.744 
68 Water o.767 
68 1% acid 0.766 
68 2% acid 0.766 
68 3% acid 0.769 
128 Water 0.'706 
128 1% acid 0.762 
128 2% acid 0.'777 
128 3% acid 0.795 
Acid consumption tor the 128 minutes 
1eaches were 9.2,%l52%and ~43~bs. per ton for the 1 , , an 
1eaches respectively. 
FIGURE VII. curves e howinp; the assays of total copper and 
soluble copper with res pect to roasting till8J 
soluble copper was obtained with water and with 
Lowe's solution leo.ohinr; , Sample II. Sulfatinr; roast. 
0'-----'(:')o- Lowe's copper 
~ 0 Water soluble copper 
0 0 To t al oopper 
Lowe '• copper, water soluble 
copper, a.1·1d total copper va. 
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FIOUHE VIII. Curves ahow-lng he assay s of sulphur 
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Since the evolution of sulphur dioxide from the ore 
ceases after about two hours~ determined in tests on Sample I~ 
the production of sulphur trioxide was dependent~ in the 
latter stages of the roast~ upon the sulphur dioxide intro-
duced from an outside source. As was explained above~ this 
condition would not, of course~ prevail in a commercial 
"down-draft 11 rurnace~ since, during the latter four hours of 
the six hour roast~ the ignited ore on the upper hearths 
would rurnish the sulphur dioxide needed by the ore in the 
lower hearths. 
To determine the optimum leaching time and to compare 
water leaching operations with weak sulruric acid leaching 
operations~ a series of tests were made using seventy grams 
of calcine in two hundred and fifty milliliters of liquid --
water. 1% acid• 2% acid, and 3% acid solutions. The tests 
were made in the rotary agitator~ described above~ for 
periods of eighteen. thirty-eight, sixty-eight~ and one 
hundred and twenty-eight minutes. The data from these tests, 
tabulated in Table VII, indicate that a water leach of sixty 
eight minutes is most advantageous 1 because the 3% acid 
leach. although recovering more copper~ would not be economical 
because of the cost of the sixty pounds of sulfuric acid re-
quired per ton of calcine leached. 
Since solubility of salts may vary with the temperature 
of the leaching solution, tests were made at room temperature 
(23.2oc) and at sooc to obtain more definite information on 
opt~ leaching conditions. Data from these tests~ tabu-
lated in Table VIII~ indicate no difference in copper 
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solubility at the temperatures tested. so all b 
, su sequent 
tests were conducted at room temperature. 
After determining the time and temperature of leaching 
for optimum copper extractions, a sample of three hundred 
grams of calcine was leached in nine hundred milliliters 
of water, at room temperature, for one and one-fourth hours; 
the test indicated that the water soluble copper content of 
the calcine was 0.735%. The leached residue assayed 0.249% 
copper. 
The residues from all water leach operations were mdxed 
prior to the cyanidation tests. The lLme and cyanide con-
suming characteristics of the "residue feed" were determined 
by agitating samples of residue with (1) various amounts of 
lime, zero cyanide content~ and (2) various amounts of lime, 
constant sodium cyanide content; these data are shown in 
Table IX. These data indicate that the calcine causes the 
consumption of all lime added until the addition reaches 
12 pounds per ton; above this point the consumption of lime 
does not fall below 90% of that available. For lime concen-
trations up to 12 pounds per ton, the cyanide consumption is 
relative constant at about 4.2 to 4.5 pounds per ton; addi-
tions of lime up to 24 pounds per ton decrease the cyanide 
consumption to the range of 3.2 pounds per ton. 
Gold extraction data obta.ined from tests of the cyanida-
tion of other samples indicated that a maximum extraction of 
64.3% wa s obtained from this material which had been roasted 
without reagents added to the ore. The consumption of lime 
and sodium cyanide during the cyanidation of these samples 
TABLE VIII 
Results o~ leaching the calcine of the roast 



































Results o~ tests for alkali and cyanide con-
sumdng characteristics of the water leached 
calcine ~rom the roast of Sample II. 
CaO in NaCN CaO NaCN 
~u1E Ere sent consumed consumed % sol. 1h/ton lb/ton Qton 
0 0 0 0 
2.06 0 2.06 0 
6.20 0 6.20 0 
12.3 0 12.19 0 
0 0.0736 0 4.57 
2.06 0.0736 2.06 4.21 
6.02 0.0736 6.02 4.53 
12.3 0.0736 11.88 4.29 
12.35 0.0736 12.2 3.49 
16.5 0.0736 15.9 3.49 
20.6 0.0736 19.9 3.65 
24.7 0.0736 22.6 3.17 
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was 11.85 pounds per ton and 4.29 pounds per ton 
respectivelY'• 
The cyanidation time for these tests was 24 hours; no 48 hour 
tests were made. The data from these tests are tabulated ~ 
Table X; the gold extractions were calcUlated from an assay 
of the water leached residue of the roast of Sample II which 
was used as feed in this cyanidation operation. 
Conclusions from Tests ~ Sample !!: Data obtained 
from tests performed on Sample II indicate (1) that. with a 
furnace atmosphere of about 2!% sulphur dioxide, using plain 
"Mill Feed" as roasting material, a water soluble copper 
content of 0.735% may be obtained 1n the Santa Maria del Oro 
ores, leaching with a liquid to solid ratio of 3:1 and (2) 
that the gold extraction, from such a roast. is only 64.3% ~ 
a sodium cyanide solution of 0.101% strength. with a consump-
tion or reagents as follows: 11.85 pounds of lime and 4.29 
pounds of sodium cyanide per ton of residue treated• the 
period of cyanidation being 24 hours. 
TABLE X 
Gold extraction with various cyanidation conditions of the 
water leached residue of the roast of Sample II (Material 





NaCN CaO NaCN Gold in 
resent consumed consumed Residue 



















Sample !il_l To dete~e the effect of higher sulphur 
dioxide concentrations in the furnace atmosphere. a sample 
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of "Mill Feed-" 1895 grems- size distribution as shown in 
Table II- was roasted in an atmosphere of about 3i% sulphur 
dioxide; operating conditions were similar to those pre-
sented for Sample II in Table V; average temperature of the 
muffle was 490°0~ roasting time was 7 hours_ 10 minutes. 
The water soluble copper content of the calcine was 
0.737% when the leaching was done at room temperature with 
a water to solid ratio of 3:1 in the leaching pulp; the 
leaching time was one hour. These data indicate that the 
sulphur dioxide content of the furnace atmosphere- within 
the ranges studied- does not affect the production of sul-
fates. 
Cyanidation of these residues resulted in gold ex-
tractions of only 36.8% with a cyanide consumption of 4.6 
pounds per ton and a l~e consumption of 11.85 pounds per 
ton of residue treated; substitution of sodium carbonate 
for calcium oxide caused no increase in gold extraction-
but caused an increase in cyanide consumption to 5.2 
pounds per ton of residue treated. Since the conditions 
of operation were apparently identical with those of cy-
anidation tests on Sample II_ the reasons for decreased 
gold extraction from 64.3% to 36.8%, are unknown. The 
increase in cyanide consumption, when sodium carbonate was 
introduced instead of calcium oxide, may be explained-
tentatively- as the result of a greater liberation of cy-
anicides by the more active compound- assumdng that the 
carbonate was more reactive with respect to th~e calcine 
than was the calcium oxide. 
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Cyanidation tests utilizing o.os%, 0.10%, and 0.15% 
sodium cyanide solutions indicate that an increase in 
strength of the cyanide solution results in an increase in 
the gold extraction for a given period or agitation. An in-
crease in agitation time £rom 24 hours to 48 hours increases 
the gold extraction by about 50% with the strong solution 
and by about 160% with the weak solution. But even under 
these conditions of stronger solutions and longer periods or 
agitation, the gold extractions did not exceed so%. The data 
£rom these tests are tabulated in Table XI. 
TABLE XI 
Go~d extractions achieved with o.os%, 0.10%, and 0.15% sodium 
cyanide solutions for periods of 24 and 48 hours, using the 
water leached calcine from the roast or Sample III. 
Time CaO dao NaCN NaCN Gold in Gold in Gold 
Present Consumed Soln Consumed Feed Residue Extraction 
Hrs #/T #/T % #/T oz/T oz/T % 
24 6.0 5.86 o.os 2.0 0.38 0.32 15.8 
48 6.0 5.86 o.os 1.6 0.38 0.23 39.5 
24 6.0 5.92 o.1o 5.06 0.38 0.265 30.3 
48 6.0 5.92 0.10 5.31 0.38 0.20 47.4 
24 6.0 5.92 0.15 8.26 0.38 0.24 36.8 
48 6.0 5.86 0.15 8.21 0.38 0.19 50.0 
Conclusions from Tests on Sample !!f: Results of tests 
performed on Sample indicate (1) that an increase in the sul-
phur dioxide concentration in the roasting furnace atmosphere 
neither incre a ses nor decreases the degree of sulfation or 
the ore, (2) that cyanide solutions of 0.15% yield gold ex-
than weaker strengths, and (3) that tractions slightly higher 
the gold extraction on a sample of ore roasted under condit~ 
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prevailing in this roast is not satisfactory since the t ail-
ing contains as much as 0.19 ounces ot gold pe~ ton. 
Samples !!_, V, VI, VII, !!!£VIII: Following the pro-
cedure, suggested by Clevenger and Caron(l8), of adding 
sodium chloride to the roaster teed to increase the gold ex-
traction during cyanidation, samples of "Mill Feed," weighing 
from 2000 to 2200 grams each, were roasted in the sulfatizing 
furnace after making additions ot 60, 40, 20, 13.2, and 6.6 
pounds ot sodium chloride per ton of teed, respectively, tor 
Samples IV through VIII; the size distribution of the ore, 
over 95% minus 65-mesh, is tabulated in Table XII. The 
operating conditions ot the furnace were similar to those of 
Roasts II: the furnace atmosphere was kept at about 2i% 
sUlphur dioxide, the muffle temperature was about 490°0, and 
the roasting time was 7 to 8 hours. 
The water soluble copper content of each calcine, leach-
ing at room temperature with a water to solid ratio of 3:1, 
was approximately the same as those roasts made without the 
additions ot sodium chloride. The roast with sixty pounds ot 
sodium chloride per ton ot ore indicated a water soluble 
copper content of 0.655% compared to 0.737% for Sample III; 
this was the greatest difference noted. 
Cyanidation tests were performed on this test using vary-
ing amounts of lime in the pulp. The results of these tests, 
tabulated in Table XIII, indicated a gold extraction of 92%, 
with a cye.nide consumption of 2.8 pounds per ton, when the 
ITa) Clevenger, Galen H., and Martinus H. Caron, .2£• ~., 
pp. 26-30. 
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lime concentration was 6 pounds per ton; the l~e consump-
tion was 5.93 pounds of the 6 pounds available per ton of 
residue treated. In all subsequent tests, the l~e addition 
was 6 pounds per ton of residue treated. 
The cyanidation tests for Samples IV through VIII indi-
cated that, within the li~ts tested, the gold extraction was 
independent of the amount of sodium chloride added to the 
roaster feed. The data from these tests are tabulated in 
Table XIV. 
Cyanidation tests were run on Samples V and VI in which 
0.10% and 0.15% sodium cyanide solutions were used for agi-
tation periods of 24 hours and 48 hours. The higher concen-
tration and the 48 hour periods of agitation yielded gold 
recoveries slightly higher than the lower concentrations and 
the shorter agitating periods, but the cyanide consumption 
increased by almost 100%. The results of the tests on 
Sample V are tabulated in Table XV as a specimen sample. 
Further cyanidation tests were run using _ a sodium chlo-
ride-sodium cyanide solution for extraction of gold from 
Sample rv. These tests indicated that the gold extraction 
was not increased by the addition of sodium chloride to the 
cyanide solution. 
TABLE XII 
Size distribution of feed to Samples 




















Gold extractions and reagent consumptions 
achieved by varying the 1~e content when 
cyaniding samples of Sample IV. 
GaO dao NaCN NaON Gold Pr esent Consumed Soln Consumed Extraction #/T #/T % #/T % 
0 0 0.1 4.2 92 
6 5.93 0.1 2.8 92 
12 10.35 0.1 2.8 76 












NaCl Water Soluble Gold in Gold NaCN 
Added corer Residue Recove!7 Consumed 
HZT ozZT T ll.T 
60 0.655 Trace* 96 plus 2.8 
40 0.716 Trace 97 plus 4.08 
20 0.744 Trace 97 plus 3.8 
13.2 0.728 o.o2 . 96 4.2 
6.6 0.712 0.02 96 3.8 
indicates 0.01 oz/ton or less. 
TABLE XY 
Gold extractions and reagent consumptions 
achieved by varying the strength or the 
cyanide solutions and the length of agita-
tion time when cyaniding samples o£ Sample VI. 
Agitation NaCN NaCN Gold T~e Soln Consumed Extraction 














Conclusions from Tests on Samples IV throu@ lli.!.: The 
data from this series of tests indi~ate (1) that the addi-
tion of sodium chloride to the Santa Maria del Oro ores in-
creases the gold extraction in 0.15% sodium cyanide solu-
tions to over 96%, even when the amount of sodium chloride 
added is as little as 6.6 pounds per ton, (2) that the op-
timum conditions for cyaniding are 6 pounds of l~e, 0.15% 
cyanide solutions, and 48 hours agitation, (3) that the gold 
extraction is reduced only slightly when the agitating time 
is reduced to 24 hours and the cyanide solution is reduced 
to 0.1%, yielding a decrease in the cyanide consumption, and 
(4) that the gold extraction is not increased by the use of 
a sodium chloride-sodium cyanide solution for cyaniding. 
Samples IX and X: To verify the possibility of roasting 
the ores at sizes coarser than 65-mesh, two roasts were made 
with "Mill Feed," plus 10 pounds of sodium chloride per ton 
of ore, in which the roaster feed was reduced to minus 20-mesh 
and minus 35-mesh respectively; the feed sizes are tabulated 
in Tables XVI and XVII. The roasting conditions were similar 
to those of the preceding roasts; the roasting time was 6 
hours, 30 minutes, the muffle temperature was about 490°C. 
The water soluble copper content of these calcines was 
about the srume as that of e a ch previous roast, using a liquid 
to solid ratio of 3:1 in the leaching pulp. In Sample IX, 
the water soluble copper content was 0.723%. These data 
indicate that the coarser sized feed will produce the same 
· the minus 65-mesh feed. 
runount of water soluble copper as 
h "control" sample leaches of Sample II The results of t e 
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indicated a water soluble copper content o'£ o.ao% with a 
water to solid ratio o'£ 25:1 in the leaching pulp. All sub-
sequent leaching tests, at the water to solid ratio o'£ 3:1, 
per'£ormed on the bulk o'£ the calcines, indicated a maximum 
averag e o'£ 0.735% water soluble copper. To determine the 
e'£'£ect of greater dilutions in the leaching pulp, tests were 
conducted at water to solid ratios o'£ 3:1, 6:1, and 12:1 in 
the water leaching of Samples IX and x. The data '£rom these 
tests, tabulated in Table XVIII, indicate that the water 
soluble copper content increases to 0.805% of the calcine 
with the water to solid ratio of 6:1; there is no fUrther 
increase at 12:1. 
Inconclusive cyanidation tests run on these samples 
indicate that the gold extraction will, probably not be 
affected by the methods of processing followed in these 
tests, i.e., by roasting coarse ore. 
Conclusions from Tests ~ Samples !! ~ !s Results 
of tests on Samples IX and X indicate (1) that the degree 
of sulfation achieved with coarse feed is as great as that 
achieved with minus 65-mesh feed, and (2) that an increase 
in the wa ter to solid ratio '£rom 3:1 to 6:1 in the leach-
ing pulp increases the copper extraction appreciably; 
'£urther dilutions of the leaching pulp failed to increase 
the copper extraction. 
TABLE XVI 
Size Distribution o'£ Sample IX 
Mesh % Cumul. %: 
on 20 0.19 0.19 28 12.8 12.99 35 19.8 32.79 48 15.6 48.39 65 11.9 60.29 100 9.3 69.59 150 7.05 76.64 200 5.2 81.84 
- 200 18.16 100.00 
TABLE XVII 
Size Distribution of Sample X 
Mesh % Cumul. £ 
on 35 3.75 3 .• 75 
48 20.0 23.75 
65 17.5 41.25 
100 13.7 54.95 
150 8.9 63.85 
200 6.85 70.70 
- 200 29.3 100.00 
TABLE XVIII 
Results of varying the water to solid ra-

















Results o~ tests presented in this paper indicate that 
the Santa Maria del Oro ores might be processed by a method 
which should yield a gold recovery of 96 to 98 percent and 
a copper recovery of about 78 percent~ both figures subject 
to an increase with further work and study of the problem. 
In the method o~ processing outlined in Figure IX~ the 
ores~ mixed as under present operating procedure. would be 
crushed to minus 20-mesh and roasted with ten pounds of 
sodium chloride per ton o~ ~eed in a multiple-hearth~ down-
dra~t roaster at temperatures varying to a maximum of 550°0 
in the hottest (middle) hearth. The period of roasting 
should be about six hours; the atmosphere in the furnace 
should be controlled by adjusting the air intake so that 
the e~~luent would contain about 3% sulphur dioxide. 
The water leaching conditions should be as ~ollows: 
water to solid ratio o~ 6:1 in the leaching pulp. tempera-
ture o~ the pulp - 23-24°0• a one hour leach. The copper 
in the pregnant filtrate could be recovered by crystalliza-
tion as copper sul~ate, by precipitation as cement copper, 
or by electrolytic deposition; economics would determine 
the method to be chosen. 
A~ter being reduced to ~nus 100-mesh, the ~ilter cake 
~rom the water leach should be cyanided in 0.1~ sodium 
cyanide solution ~or 24 hours; a slightly increased gold ex-
traction is possible with 0.15% sodium cyanide solution and 
48 hours agitation, but the increased costs of handling and 
cyanide consumption might make such processing non-profitable. 
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Again economics of the established process would determine 
the conditions to be utilized. A satisfactory protective 
alkalinity may be established with six pounds of lime per 
ton of filter cake processed. 
FIGURE IX 
;:/ 
F lowsheet of' process • suggested ~ this wbrk• f'or handl~ the Santa 
1'aria del ('l ro ores. 
Mine Ores 
Crushing S~um ohlaride 
-3/8" 10 munda per ton 
I -~ ' 
'MiXing 
I 
Sul.f'ating Rt>aa t 






Gririding Copper recovary 





leaa than o.ol 
ounoe of gold 
per ton. 
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Advantages of ~ Process. 
The primary advantage of the suggested process is the 
increase in gold recovery; the gold losses are cut from $2 • 71 
per ton of ore handled to only $0 . 37 per ton of ore handled. 
These figures are based on the average grade of ore as stated 
on page one of this report -- 0.352 ounces of gold per ton __ 
at $35.00 per ounce. The copper recovery may drop~ as sug-
gested by this paper~ to 78%~ but that is only 1.5% greater 
loss than the company n ow sustains~ and this figure probably 
may be raised by further work on the ore. 
Another possible advantage would be the saving in trans-
portation costs~ if the final product of the mill were copper 
and gold or copper sulfate and gold. 
Disadvantages of ~ Process. 
The disadvantages of the process outlined in Figure X 
would probably~ be confined to the costs of "scrapping" the 
present mill and substituting a new process. But this would 
not be entirely new costs for the majority of the equipment 
in the present mill could be utilized in the proposed set-up. 
The filtering~ settling~ and pumping apparatus would be use-
ful; the crushing equipment would be needed. 
Only further study of the problems involved and the 
possible solutions to these problems can give a positive 
answer to the advisability of installing such a process as 




Determination of Sulphur Dioxide in ~he Furnace Atmosphere. 
Iodine in a solution oxidizes so2 to S03 as follows: 
2I ~ S02 + 2H20 a H2S04 + 2HI 
A standard solution was prepared from KI and I 2 that con-
tained 0.0127 grrum of iodine per cubic centimeter. Five co. 
of the iodine solution was equivalent to 6.3 cc. of S02 at 
3000. 
Put 100 co. of distilled water into an Erlenmeyer flask 
of the S02 determination apparatus, shown in Figure X; add 
5 co. of the iodine solution. Aspirate the furnace gas 
through this solution until the yellow color has disappeared. 
The 6.3 co. of so2 has been absorbed at this point. The total 
furnace gas containing this amount of so2 is equal to the 
volume of water displaced from the bottle labeled "B" plus 
the volume of so2. 
%so2 : 
cc. 
cc. of S02 
of unabsorbed gas - co. of so2 X 100 
FIGURE X 
• 






Add 7 gm Na2C03 to 1 to 2 gram sample and 50 cc hot 
water and boil for 20 minutes. 
PbS04 + Na2C03 : Na2so4 + PbC03 
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All the sulfate of lead is now in combination with sodium. 
Filter. Wash thoroughly . Neutralize with HC11 plus 10 cc 
excess; boil . Then proceed as in total sulphur assay . 
Total sulphur less sulfate sulphur equa ls sulfide sulphur . 
Total Sulphur. 
Treat 1 to 2 gram sample with 5 cc HN03 and KCl03# de-
composing any free sulphur to HzS04• Cool; add 5 cc HCl. 
Heat to dissolve all salts that are soluble . Cool; add 50 cc 
cold water . Nuetralize with Nfl40H. Heat to boiling. Filter 
and wash thoroughly. If much iron is present# redissolve 
precipitate and re-precipitate. Neutralize with HCl and add 
10 cc excess . Heat to boiling. Add 20 cc BaCl2 slowly and 
continue boiling to settle precipitate. Cool and filter . 
Wash thoroughly and ignite precipitate. Weight BaS04 times 
(0.1374) equals grams of sulphur and when divided by weight 
of the sample equals the per cent. 
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Iron. 
0.5 gm sample plus 5 cc HN03 (plus KC103 , if necessary 
to decompose sulphur)* plus 5 cc HCl. Heat to dissolve all 
soluble salts. Cool, make alkaline with NH4oH, heat to co-
agulate Fe(OH)3, filter, wash. Sluice the Fe(OH) 3 off of 
filter paper with a fine stream of hot water into a 250 cc 
beaker. Add 5 cc HCl to dissolve Fe(OH) 3 and heat to boil-
ing. Reduce Fe3 to Fe2 with small amount of SnC12 • Now cool 
in pan of water. Then dilute with cold water. Add HgC12 
solution while stirring to take up the excess SnCl2 used. 
Titrate cold with K2Cr207 solution. 
*If KCl03 is used do not add HCl until sample has been cooled 
and slightly diluted. 
Total Copper. 
One gram sample plus 8 cc HN03 • Heat until the action 
ceases, then add 7 cc HCl and heat to near dryness. Add 
10 cc H2S04 and take to copious white fumes. Cool; add 30 cc 
water. Boil to effect solution of all soluble substances. 
Cool slightly; add 5 to 10 cc bromine water to oxidize As 
and sb. Boil out excess bromine and add NH40H to very faint 
odor of NH3 • Add 11 cc glacial scetic acid and 2-3 grams of 
sodium fluoride to complex the iron. Boil for a minute or so. 
Cool to room tempera ture. To the cold solution add 5 cc of 
50% KI. Titrate at once with sta ndard Na2S203 solution to a 
straw-yellow color appears. Add 2-3 cc freshly prepared 
starch solution and continue titr~tion until the blue color 
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disappears. If the blue color returns within 15 minutes the 
results are invalid. 
Water-soluble Copper. 
Leach two gram sample with 50 cc water for 10-15 minutes 
at boiling. Filter and wash thoroughly~ but with a minimum 
of water; evaporate the filtrate to about 10 cc. Add 8 cc 
H2S04 and take to copious white fumes. Add bromine water and 
continue as with the total copper dete~nation. 
Lowe's Solution Copper. 
Leach two gram sample with 50 cc of Lowe's solution (100 
grams of NH4Cl and 50 cc of NH40H per liter of aqueous solu-
tion) for 10-15 minutes at boiling. Filter and wash thorough-
ly. Continue determination as with water-soluble analysis. 
Free Cyanide and Alkalinity Tests. 
25 co of the cyanide solution diluted to about 50 cc. 
Titra te with standard AgN03 solution to a faint ~ white turb-
idity. Record amount of free cyanide. 
Add two to three drops of phenol phthalein solution. 
Titra te to disappearance of the pink color with standard 
H2so4 solution. Record amount of unconsumed Cao. 
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AP.PENDIX !!!. 
Study o~ Gold Losses in Tailing. 
To ascertain whether the gold in the mill tailings (~­
nished by the Company) is associated with some particular 
screen size, samp:J_es o~ ta.ilings were screened with the .fol-
lowing results: 















The ~nus 200-mesh ~raction was washed with carbon tetra-
chloride to remove any ~lo~ation reagents which might cause 
the .fine particles to .flocculate. This .fraction was then 
sized in a pneumatic sizer (In.frasizer), shown in Figure XIA 
and XIB. This apparatus consists o~ seven cones o~ increas-
ing cross-section areas and decreasing lengths. A constant 
volume o~ dry air, closely regulated, is blown through the 
cones. The particles are then transferred ~rom cone to cone 
until the decreasing air velocity is not great enough to 
carry the particle ~rther. Each sample o~ about 100 grams 
was subjected to pneumatic sizing ~or a period or ~our hours. 
Average results were: 
Cone Weight 'f, Approx. Size o:f Particles in microns 
1 4.85 74 
2 18.23 63 
3 14.56 52 
4 11.25 37 
5 9.90 24 
6 7.07 15 
7 32.64 7 
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The assays of' these products were as f'ollows: 
Fraction Weight % Gold 
oz/ton 
on 65-mesh (Tyler) 7.93 0.10 
100-mesh 12.16 o.o7 
150-mesh 12.61 0.12 
200-mesh 12.85 0.04 
in Cone 1 2.70 0.23 
Cone 2 10.18 o.o8 
Cone 3 8.12 0.08 
Cone 4 6.25 o.o6 
Cone 5 5.53 0.05 
Cone 6 3.96 o.o6 
Cone 7 18.25 0.04 
100.54 0.08 Average 
These results indicate that the gold losses in the mill 
tailing are relatively unif'ormJ.y distributed through all 
sizes. The high content of' Inf'rasizer cone 1 may be ac-
counted f'or in that the gold particles would tend to remain 
there because of' their greater density. Briquetting, 
polishing, and studying the products !'ailed to disclose 
the presence of' gold particles of' f'inite size. 
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FIGURE XIA 
PNEUMATIC SIZING APPARATUS 
INFRASIZER 
FIGURE XIB 
PNEUMATIC SIZING APPARATUS 
INFRASIZER CONTROL PANEL 
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